Objectives: To evaluate and compare levels of patient discomfort and perioperative complications during phacoemulsification and implantation of a foldable intraocular lens under topical lidocaine hydrochloride and retrobulbar anesthesia in patients with cataract who also had exfoliation syndrome, uveitis, posterior synechia, phacodonesis, or previous intraocular surgery.
gery to assess each patient's overall severity of intraoperative pain.
Results: The overall intraoperative complication rate was 1.9% for capsular tear, 3.8% for zonular tear, 1.5% for vitreous loss, and 1.0% for iris prolapse. Apart from the incidence of vitreous loss, which was significantly (P=.041) lower in the topical anesthesia group, no statistically significant differences in intraoperative and early postoperative complications were found between the groups. A supplemental posterior sub-Tenon space injection was required in 1.3% of the topical anesthesia group and in 0.8% of the retrobulbar anesthesia group. Chemosis (2.5%), subconjunctival hemorrhage (1.7%), and periorbital hematoma (0.8%) were seen only in the retrobulbar anesthesia group. The mean±SE pain scores estimated by the patients were 0.84±1.30 in the topical anesthesia group and 0.73±1.50 in the retrobulbar anesthesia group (P=.41). Patient preference for topical anesthesia (91%) appeared to be significantly (P=.01) higher than for retrobulbar anesthesia (62%). The surgeons found anesthesia-related intraoperative difficulty to be slightly lower in the retrobulbar anesthesia group (8%) than in the topical anesthesia group (14%).
Conclusions: Surgery-related complications and patient discomfort were similar for the 2 methods of anesthesia. Topical anesthesia is justified as a means of improving safety without causing discomfort to the patient even in complicated cases of cataract surgery.
Arch Ophthalmol. 2000; 118:1037 -1043 R ETROBULBAR INJECTION of anesthetic agents has been used for more than a century in cataract surgery. Despite various modifications that have been devised over the decades to reduce the potential risks of injuring intraorbital structures, the "blind" insertion of a needle into the retrobulbar space has never been completely free of several sight-and life-threatening complications. [1] [2] [3] [4] [5] Topical anesthesia was first proposed by Fichman 6 as an attractive alternative to the traditional method of injecting local anesthetic agents, resulting in faster visual recovery and high patient satisfaction. The advantages of topical anesthesia include its ease of application, minimal to absent discomfort on administration, rapid onset of anesthesia and, most important, elimination of the potential risks associated with retrobulbar injections. [6] [7] [8] [9] [10] In addition to all of these advantages, the technique is economical, 
CLINICAL SCIENCES

PATIENTS AND METHODS
PATIENT SELECTION
From April 1, 1998, to June 1, 1999, a continuous cohort of 1135 eyes of 1135 patients was eligible for phacoemulsification surgery and foldable IOL implantation with either topical or retrobulbar anesthesia in either of the 2 participating university eye centers. Patients were prospectively assigned to the topical or the retrobulbar anesthesia group using a random numbers table. The patients included in the study all had at least 1 of the following ocular comorbidities: exfoliation syndrome, uveitis, axial myopia (Ն26 mm), axial hyperopia (Յ21.0 mm), poor pupillary dilation (Յ3 mm), posterior synechia, phacodonesis, or previous intraocular surgery (peripheral iridectomy, glaucoma filtering surgery, keratoplasty, or pars plana vitrectomy). Patients were excluded from the study if they had a history of allergic response to lidocaine hydrochloride or other topical anesthetic agents, hearing impairment, dementia, eye movement disorder, or excessive anxiety; had poor fixation due to nystagmus or strabismus; or were not native speakers of the language used in the operating room. Other contraindications to participation in the study included complex anterior segment pathological features that might preclude proper visualization of the anterior chamber intraoperatively or might cause problems affecting clear corneal tunnel preparation, such as the extensive corneal opacification resulting from spheroid degeneration or the marginal thinning of the cornea produced by Terrien marginal degeneration. Informed consent was obtained before surgery.
ANESTHESIA ADMINISTRATION
Patients in the retrobulbar anesthesia group received an oral sedation of 5.1 to 10.2 mg of midazolam hydrogenmaleat (Dormicum; Hoffmann-La Roche AG, Grenzach, Germany) 30 minutes before a single injection of a solution of 0.5% bupivacaine hydrochloride, 2% lidocaine, and 0.5 mL of hyaluronidase (Wydase), 3.75 IU/mL, into the retrobulbar space. The volume of the block was 3.5 to 5.5 mL, depending on the weight of the patient. Ocular compression for 10 minutes was achieved using a modified Honan balloon. Before surgery, the effectiveness of the block was assessed by the surgeon (P.C.J. or F.K.J.) and deemed satisfactory only if minimal ocular mobility or orbicularis function remained.
Patients in the topical anesthesia group received a minimum total of 5 doses (approximately 40 µL per dose) of 2% topical lidocaine. Four doses were administered into the superior and inferior culs-de-sac at 10 minutes and 5 minutes before surgery, before draping, and immediately before initial corneal incision. The final dose was administered before the commencement of phacoemulsification. The protocol established for breakthrough pain allowed an additional 80 µL of 2% lidocaine and 40 µL of cocaine. If this was not effective within 2 minutes, the patient would receive a subconjunctival injection of 0.75% bupivacaine. Breakthrough pain was countered in the same way in the retrobulbar anesthesia group.
SURGICAL TECHNIQUE
All surgical procedures were performed in 1 of the 2 participating university eye centers by 1 of 2 surgeons (P.C.J. or F.K.J.) who had performed cataract surgery using topical anesthesia since 1995, using a standardized clear corneal phacoemulsification technique. All patients underwent temporal clear corneal phacoemulsification and implantation of a foldable IOL. A temporal clear corneal incision was made using a 3-step incision while the globe was immobilized with a Thornton-Fine ring. This was followed by paracenteses of 2 side ports, each 90°from the temporal meridian, to allow for subsequent procedures. These included viscoelastic injection, continuous curvilinear capsulorhexis, hydrodissection, hydrodelineation, endocapsular phacoemulsification, bimanual aspiration of the remaining cortical lens material, and, finally, in-the-bag implantation of a foldable IOL. Where necessary, the pupil was dilated with sphincterotomies or iris retraction hooks. Following IOL implantation and removal of the viscoelastic substance, the pupil was constricted with intracameral application of 0.01% carbachol (Miostat; Alcon Surgical, Ft Worth, Tex). The wound was tested for leakage of fluid by gentle compression with a sponge, and none of the patients required a suture to close the wound. All patients received an identical topical regimen in the postoperative period, including 50 mg of mezlocillin (Baypen; Bayer, Leverkusen, Germany) and 2 mg of dexamethasone acetate (Fortecortin; Merck, Cologne, Germany) injected subconjunctivally immediately after surgery. During postoperative recovery, each patient received topical corticosteroid drops and a combination of a corticosteroid and antibiotic ointment at night, the dosage being rapidly reduced depending on the degree of postoperative inflammation.
PAIN ASSESSMENT
On completion of the operation, each patient was shown a visual analog pain scale with numeric and descriptive ratings from 0 (no pain) to 10 (severe pain), as described by Steven. 15 Patients were asked to use this 10-point scale to rate the level of pain felt during the operation, including the pain felt after delivery of topical or retrobulbar anesthesia. If patients were unable to read the printed numbers and descriptive text on the pain scale, the examiner (T.S.D.) read them to the patient. In addition, any verbal expression of pain that patients made during the operation (eg, on manipulation of the iris) was recorded. The surgeon (P.C.J. or F.K.J.) was also requested to report difficulties encountered attributable to the operating conditions. The surgeon's response options were "no difficulty," "slightly difficult," "moderately difficult," "difficult," and "extremely difficult." The surgeon was asked to complete the form immediately after surgery.
OUTCOME MEASURES
Outcome measures were the number of complications and adverse events arising perioperatively, intraoperatively, and within 24 hours postoperatively; patients' pain scores; and intraoperative conditions as judged by the surgeon. In addition, after completion of the procedure, patients were asked whether the applied type of anesthesia would be their preferred type in the event of further eye surgery.
STATISTICAL ANALYSIS
Outcome measures were compared using an unpaired t test. Pain scores for each group were compared using the 2-tailed Mann-Whitney test for nonparametric statistics. Bivariate analysis was performed using the 2 test.
avoids undesirable cosmetic adverse effects, and allows instant visual rehabilitation. However, topical anesthesia only blocks the trigeminal nerve endings, providing at best "complete" analgesia of the eye. The patient's optic nerve and motor neurons are typically not affected, resulting in fully preserved ocular motility. Although previous reports [5] [6] [7] [8] [9] [10] indicate that topical anesthesia is safe and effective in most uncomplicated cataract procedures, various studies 7, 11 suggest that topical anesthesia should not be considered in eyes with severe concomitant ocular pathological features. Manipulation of the iris or stretching of the ciliary and zonular tissues, which may be inevitable during surgery in complicated cases, could irritate the unanesthetized ciliary nerve endings and result in patient discomfort and inadvertent eye movements, compromising the overall safety of the procedure. While this has led an increasing number of surgeons to administer supplemental anesthetic agents by intracameral injection or by addition to the irrigation fluid used during the intraocular phase of surgery, 9, 10, 12, 13 this drawback has forced others 14 to abandon topical anesthesia in favor of peribulbar injection.
To our knowledge, no prospective study has been performed analyzing the risk-benefit ratio of topical vs retrobulbar anesthesia in potentially difficult cases of cataract surgery. To investigate the efficacy and safety of topical anesthesia, we designed a prospective, randomized, controlled clinical trial, to be carried out at 2 university centers, comparing retrobulbar anesthesia with topical anesthesia alone in patients with cataract who had complications and who were undergoing clear corneal phacoemulsification and foldable intraocular lens (IOL) implantation. Besides evaluating the anesthesia-related, intraoperative, and early postoperative complications, we also documented the patient pain score and intraoperative conditions judged by the surgeon (P.C.J. or F.K.J.) to obtain information that might help to indicate which type of anesthesia is preferable in difficult cases of cataract surgery.
RESULTS
From a total of 512 patients undergoing first eye cataract surgery at the 2 participating centers, 476 met the inclusion criteria and agreed to participate in this randomized, prospective trial. The mean±SD age of all patients was 72.7±6.3 years (range, 45-91 years), and 63% were women ( Table 1) . Two hundred thirty-eight eyes were randomized to the topical anesthesia group, and 238 to the retrobulbar anesthesia group. Differences between the 2 study groups in age and sex were not statistically significant (P=.31). The preoperative potential risk factors for phacoemulsification and IOL implantation are shown in Table 2 . There were no statistical differences between the 2 study groups.
Complications were subgrouped into anesthesiarelated, intraoperative, and within 24 hours postoperative complications (Table 3) . Anesthesia-related complications differed significantly between the 2 groups. No patient required a change in type of anesthesia for cataract surgery to be completed. Anesthesia-related chemosis, periorbital hematoma, and subconjunctival hemorrhage occurred only in the retrobulbar anesthesia group, and never led to complete cancellation or significant delay of the planned surgical intervention.
Apart from vitreous loss, which was significantly more frequent in the retrobulbar anesthesia group, the incidences of other intraoperative complications did not differ significantly between the 2 study groups. Considering all 476 eyes, zonular tear was the most common complication, followed by capsular tear and vitreous loss. Sulcus implantation of the haptics, with or without optic capture through the capsulorhexis, was necessary in 6 patients: 2 in the topical anesthesia group and 4 in the retrobulbar anesthesia group. The reasons for sulcus IOL implantation included anticipated zonular weakness or tear in 3 eyes, a prohibitively small anterior capsulorhexis with a miotic pupil in 1, and capsular rupture with anterior vitrectomy in 2. In 2 patients with extensive zonular defects and severely reduced general health, an anterior chamber IOL was preferred over a secondary sulcus-sutured IOL. Intraoperative iris prolapse into the tunnel incision occurred in 4 eyes in the topical anesthesia group and in 1 eye in the retrobulbar anesthesia group.
In the first 24 hours, no severe complications were observed in either of the 2 study groups. A transient pressure increase of 30 mm Hg occurred most frequently, but did not require surgical reintervention in any patient. Fibrinous aqueous reaction was the second most frequent complication but was successfully treated by intensified topical corticosteroid application in each patient. Corneal edema leading to a transient loss in best-corrected visual acuity occurred in 6 eyes in each of the 2 groups. Retained cortex substance was observed in 3 patients with miotic pupils. In all instances, lens material eventually resolved spontaneously with surgical reintervention. One patient, who had pars plana vitrectomy, developed a transient wound leak through 1 of the 2 side-port incisions.
Despite some obvious trends (Table 4) , the observed complications and preoperative risk factors could not be correlated or subjected to statistical analysis, because the number of confounding variables produced insufficient numbers for each category in the contingency tables and the few patients with complications were outside the range of acceptability for the common statistical tests.
The pain scores reported by the patients after surgery are shown in the Figure. Two hundred two patients (85%) in the topical anesthesia group and 219 (92%) in the retrobulbar anesthesia group reported minimal discomfort (a maximum score of 2) or no pain at all (a score of 0). The mean ± SD pain score in the The difference between the mean pain scores was not statistically significant (P=.41). Anxiety before anesthesia administration was reported in 55 patients (23%) in the retrobulbar group; none of those due to receive topical anesthesia reported anxiety. During anesthesia application, approximately 17% in the retrobulbar group expressed discomfort (pain score, Ն4), while only 2% in the topical group reported increased stinging in the eye (pain score, Ն2). Intraoperatively, manipulation of the iris, distention of the anterior chamber, intracameral administration of acetylcholine chloride, and rotation of the IOL most often led to verbalization of patient discomfort. Patient preference for topical or retrobulbar anesthesia varied between the 2 groups. In the topical anesthesia group, only 9% of the patients said they would opt for another type of anesthesia (either retrobulbar or general anesthesia) for the second eye, while 23% of the patients in the retrobulbar anesthesia group stated a preference for either topical or general anesthesia (P=.01). Intraoperative conditions as judged by the surgeon are shown in Table 5 . In most patients in both groups, the surgeon reported no difficulty to slight difficulty.
COMMENT
Sutureless clear corneal incision techniques have gained popularity among cataract surgeons owing to the many advantages they offer, including a reduction of ocular tissue manipulation and surgical time. 16 With topical anesthesia alone, potentially serious complications associated with retrobulbar and peribulbar anesthesia could be avoided. [1] [2] [3] [4] Since its introduction, topical anesthesia has become increasingly popular, as indicated by the annual survey of the practice styles and preferences of members of the American Society of Cataract and Refractive Surgery. 17 According to last year's survey, the use of topical anesthesia increased from 8% in 1995 to 14% in 1996 and to 37% in 1998. However, its use varied with the volume of surgery, increasing by 22% for surgeons doing 0 to 5 cataract procedures per month and by 63% for those doing more than 51, the latter having increased from 40% in 1996.
On the other hand, topical anesthesia can in certain circumstances be more demanding for the surgeon and seems to be particularly difficult in patients requiring more intraocular manipulation than usual, as in those with small pupils. The goal, however, should be to allow a wider range of patients to enjoy the benefits of topical anesthesia. The present study, comparing topical anesthesia with retrobulbar injection anesthesia in potentially complicated cases of cataract surgery, shows convincingly that topical anesthesia can provide safe operating conditions even under more demanding conditions without any noticeable reduction in patient comfort.
Our data showing 1.5% of capsular tear with vitreous loss and 1.9% of capsular tear without vitreous loss is well within the range of levels of complications reported in other series [18] [19] [20] [21] [22] [23] [24] of nonselected cases. In the present study, the incidence of capsular tearing alone did not differ significantly between the 2 anesthetic groups, while the frequency of vitreous loss was significantly higher in the retrobulbar injection group. However, there was no significant difference in relation to other complications occurring intraoperatively or within 24 hours postoperatively between the 2 groups. A statistical analysis of the incidence of complications observed in connection with preexisting ocular comorbidities did not reveal any significant differences, probably owing to the relative infrequency of such adverse events (Table 4) . Nevertheless, exfoliation syndrome, especially when associated with smaller pupils, seems to increase the risk of breaking the posterior capsule. While previous intraocular surgery was accompanied by capsular tearing in only 2 instances, zonular tears were the most common complications in these eyes. The incidences of intraoperative complications and early postoperative problems and their correlation to potential risk factors are broadly comparable with those found in other series. [18] [19] [20] [21] [22] [23] [24] There was a 1% incidence of intraoperative iris prolapse in both groups. Although not statistically significant, iris prolapse occurred more often in the topical anesthesia group (1.7%) than in the retrobulbar anesthesia group (0.4%). Iris prolapse is most likely to occur in eyes with an intraoperatively raised intraocular pressure, especially in hyperopic or nanophthalmic eyes, but also The pain scores reported by the patients after surgery using a 10-point scale to rate the level of pain felt during the operation, including the pain felt after delivery of topical or retrobulbar anesthesia. Table 5 . Anesthetic-Related Intraoperative Difficulties as Judged by the Surgeon* arises in anxious patients with a higher chance of extraocular muscle contraction. While the distribution of measurements of ocular axial length was similar in the 2 study groups, extraocular muscle contraction probably only occurs in the topical anesthesia group without motor blockade, which may account for the observed intergroup difference for this complication. Moreover, in patients receiving retrobulbar anesthesia, oculopression was performed routinely to counteract possible pressure increases during surgery, but this preoperative measure cannot be used in patients receiving topical anesthesia. Transient postoperative complications, such as corneal edema, a wound leak, an intraocular pressure increase, and a plasmoid or fibrinous anterior chamber reaction, were similar in the 2 groups and, despite this study being a series of selected high-risk patients, were less frequent than those reported in other studies. [18] [19] [20] [21] [22] [23] [24] Anesthesiarelated complications prevailed, as expected, in the retrobulbar group. Chemosis, subconjunctival hemorrhage, and periorbital hematoma were exclusively observed in the retrobulbar anesthesia group. But these adverse events were of no substantial clinical concern, since in no patient was the planned surgical intervention prevented or delayed.
We were primarily interested in the possible need for supplemental paraocular anesthesia in the topical anesthesia group. Previous studies [9] [10] [11] 14 indicated that increased iris manipulation and stretching of uveal tissues, which are inevitable during surgery in complicated cases, irritate patients under topical anesthesia, who may then require additional anesthetic measures. Between our study groups, however, we did not observe any statistically significant difference for supplemental paraocular anesthetic injection. Likewise, the pain scores reported by patients immediately after completion of surgery did not differ significantly between the groups. This similarity between the mean pain scores of the 2 study groups was not observed in any previous studies. 5, 7, 8, 14, 25 The anomaly is even more confounding since we did not, as advocated by others, [9] [10] [11] [12] [13] [14] [25] [26] [27] [28] use an additional intracameral injection of unpreserved lidocaine in our study. Indeed, at the time our study protocol was established, the potential toxic effects of intracamerally applied lidocaine on various intraocular structures, particularly the corneal endothelium and the retina, were still a major point of concern in the literature. Apart from instilling lidocaine intracamerally, various other measures have been suggested for alleviating patient discomfort associated with intraocular manipulation. These include "adequate cycloplegia" to minimize stretching of zonules and the ciliary mucle 29 or lowering the irrigation solution bottle to minimize the intraocular hydrostatic pressure. 30 However, none of these measures are commonly applied in complicated cataract cases. The only explanation for the lack of any difference between the anesthetic groups for patient comfort during phacoemulsification is that, before certain potentially irritating preoperative or intraoperative steps, such as the instillation of anesthetic eyedrops, retrobulbar injection, iris manipulation, hydrodissection, activation of the irrigation line, or IOL implantation, were taken, the surgeons routinely informed the patient that the next maneuver might be "felt or even be slightly painful." We consider this verbal contact with the patient throughout the surgical procedure to be extremely helpful, if not crucial, for a comfortable and safe cataract procedure under topical anesthesia. Moreover, we believe that the low level of patient discomfort in our patients receiving topical anesthesia may also be explained by the speed with which phacoemulsification was performed and the caution we exercised during intraocular manipulation. This assumption was supported by our observation that, even in these surgically more demanding eyes, only 9% of those in the topical anesthesia group said they would opt for another type of anesthesia for the second eye, while 23% of those in the retrobulbar anesthesia group wanted another form of anesthesia.
Globe akinesia is commonly not achieved with topical anesthesia, making cataract surgery in demanding cases possibly even more difficult for the surgeon. As expected, overall surgical conditions assessed by the surgeon favored the use of retrobulbar anesthesia. However, the intergroup difference in surgeon's assessment was not statistically significant. These results contradict the findings of a similar study 7 comparing topical with retrobulbar anesthesia but are in agreement with the results of Uusitalo et al, 25 who found paraocular injection significantly less difficult. The lack of akinesia was not clinically significant since supplemental paraocular anesthesia was not required in any patient to continue surgery. The surgeons repeatedly observed that some patients were simply unaware of inadvertent eye movement during surgery, and muscle spasms were thought to account for an increase in intraocular pressure in some patients. Intraoperatively, the surgeons found minimizing eye movements during capsulorhexis to be most crucial. Photophobia, the cause of eye movement in some patients, could be overcome by simply reducing the brightness of the operating microscope. The necessity of dimming the light source in the topical anesthesia group was not found to increase the difficulty of the surgical procedure.
In summary, compared with retrobulbar anesthesia, topical anesthesia provides good surgical conditions for the surgeon and comfortable operative circumstances for the patient, even in difficult cases with associated ocular comorbidities. This study shows that complicated cataract surgery can be performed under topical anesthesia without compromising the safety of the procedure. While surgery-related complications under topical anesthesia were similar to those occurring when retrobulbar injections were used, anesthesia-related complications were seen exclusively in the retrobulbarinjected group. Although the results of pain assessment during anesthesia delivery favored the topical technique, patient assessments of pain during and shortly after anesthesia were not statistically different in the topical and retrobulbar groups. The fact that more anesthesiarelated difficulties were encountered by the surgeons during cataract surgery in the topical anesthesia group leads us to conclude that in difficult cases cataract surgery is more demanding for the surgeon using topical anesthesia. However, we believe that topical anesthesia is justified to improve the safety and comfort of the pa-(REPRINTED) ARCH OPHTHALMOL / VOL 118, AUG 2000tient even in complicated cases of cataract surgery and is likely to become the preferred type of anesthesia in small-incision phacoemulsification and foldable IOL implantation, particularly for so-called high-volume surgeons. Patient preference for topical anesthesia is increasing steadily and warrants all efforts to move away from more invasive forms of anesthesia so that cataract surgery can genuinely be described as "minimally invasive."
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